The purpose of this anatomic study was to determine the extent of lateral dissection that can be performed during anterior cervical decompression and fusion to maximize decompression without compromising the vertebral arteries. Although vertebral artery injury is rare, it is sometimes catastrophic and leads to significant morbidity and mortality. Previous studies have attempted to establish standards for surgical anatomy during anterior cervical decompression and fusion; however, none have accounted for significant degenerative changes that occur with increased age.
Parameters for Lateral Extent of Dissection During Anterior Cervical Decompression and Fusion
AnitA SAdhu, BA; nicholAS u. Ahn, Md A nterior cervical decompression and fusion is a well-established procedure with a relatively low complication rate when performed by an experienced surgeon. 1 Complications of anterior cervical decompression and fusion include esophageal perforation, postoperative dysphagia, postoperative hematoma, symptomatic laryngeal nerve palsy, dural penetration, Horner's syndrome, and a worsening of preoperative symptoms. 2 The current study addressed the rare and sometimes catastrophic complication of iatrogenic injury to the vertebral artery.
Robinson and Riley, 3 Bailey and Badgley, 4 and Simmons and Bhalla 5 outlined precise methods for access to and completion of decompression and fusion, which are all methods used currently. Selection of surgical candidates involves a thorough correlation of patient complaints, physical findings, and radiographic information. 5 The procedure involves division of the platysma, strap, and sternomastoid muscles, viscera, and great vessels to medial and lateral positions to expose the cervical vertebrae. Tissue is removed to a specific width, with care taken to avoid lateral extension of tissue removal. Dissection is performed well into the neurocentral joints following traction of the head away from the body to extend the neck. 5 One of the chief reasons to avoid overdissection of the lateral extent of the disk is the risk of vertebral artery injury. The vertebral artery is encased in a fibroligamentous band that forms a complex between the artery and the uncinate process of the adjacent vertebra; this makes unintended laceration more likely during dissection toward the uncinate process. [6] [7] [8] Incidence of vertebral artery injury is between 0.18% and 0.3% but remains one of the most undesired complications of anterior cervical decompression and fusion. 9, 10 Once laceration is recognized, recourse is dismal; cessation of bleeding requires tamponade and ligation, with a high probability of postoperative morbidity and intra-and postoperative mortality. 11, 12 Many patients who need decompression are of advanced age; spondylitic change may narrow or widen dimensions or may blunt important anatomical markers, making dissection much more uncertain. 13, 14 Degenerative changes include osteophyte formation, ligamentum flavum hypertrophy, and spinal canal narrowing, making clinical indications for surgery the same aspects that make anterior cervical decompression and fusion risky. 8, 15, 16 The endplates, which are of primary anatomical interest during anterior cervical decompression and fusion, are the first to be affected in the natural history of degenerative change. 17 Because it is useful to know a safe extent of lateral dissection during anterior cervical decompression and fusion regardless of degenerative change, the current authors analyzed the uncus-to-uncus distance, both as an absolute and relative to the predicted body mass index of each individual, to determine whether a standard width of safe dissection exists during decompression regardless of degenerative changes.
Materials and Methods
The cervical segments of 500 cadaveric spines, as well as the 500 corresponding femurs, were selected at random for measurement of uncus-to-uncus distance in segments C2-C7 ( Figure 1 ). All specimens were harvested from individuals whose bodies were collected from the county morgue or city hospitals between 1893 and 1938. Exclusion criteria during selection included specimens younger than 18 years, specimens missing any of the vertebral levels being studied, and specimens whose bony anatomy had been damaged during storage.
Digital calipers were used to measure the distance from the medial borders of each uncus (Figure 2) , based on previous studies citing the uncus as an important anatomical landmark to avoid the vertebral artery foramen. 6, 7 In addition, femoral head diameter was measured as a correlative to the approximate height of the individual. Femoral head diameter is a wellestablished approximation for the body mass index of an individual. 18 This additional data were used to investigate whether the uncus-to-uncus distance increased relative to increasing body mass index. In addition to these measurements, the age and sex of each individual were recorded.
results
A total of 500 specimens (97 female and 403 male) were examined. Mean age was 47 years (range, 18-93 years). The mean value for the uncus-to-uncus distance at each level from C3 to C7 can be found in Table 1 . These data show a wide variance in width on the order of millimeters.
The uncus-to-uncus distance was then compared with the femoral head diameter. However, simple comparison resulted in values that were difficult to understand. Instead, a femoral head multiplier value was created by dividing each femoral head measurement by the mean of the femoral head measurements (46.5 mm). In this fashion, when the uncus-to-uncus distance was divided by the femoral head diameter, the analyzed value had more relevance to the study. The mean value of the uncus-to-uncus distance at each level from C2 to C7 compared with the femoral head diameter can be found in Table 2 . These data show that the uncus-to-uncus distance at each vertebral level does not become more uniform when compared with the relative size of each individual. A linear progression model was then applied to the data to investigate the degree to which the size of the individual influenced the uncus-to-uncus distance. These results are shown in Table 3 . Although a significant, positive association exists between uncus-to-uncus distance and femoral head diameter, the association does not lead to vastly different values in the uncus-to-uncus distance based on size of the individual.
discussion
Intraoperative parameters to standardize methods for anterior cervical decompression and fusion would be ideal preparation for removal of tissue, even in the intensely spondylotic spine. This study found that the uncus-to-uncus distance, encompassing the safe zone of lateral dissection, falls within a 6-mm range regardless of age or individual size. The uncus-to-uncus distance also increases in a logical fashion between C3 and C7, by approximately 6 mm total. However, the study also found that the variability of uncus-to-uncus distance in the average specimen is wide and does not correspond with a particular value that can guide a precise, blind lateral dissection without risk of vertebral artery injury. Although the uncus-to-uncus distance varies according to individual size, this association is not enough to explain the high variability of uncus-to-uncus distance.
Other studies have attempted to determine methods for safe dissection and 20 determined that the V2 segment of the vertebral artery, which courses in the transverse vertebral foramina of C2-C6, courses closest to the midline in the intervals of C3-C4 and C4-C5 and travels closest to the uncinate process than the anterior tubercle of the transverse process at all levels. Other studies assessed confirming surgical anatomy through intraoperative imaging; Heary et al 21 and Freidberg et al 22 used computed tomography scans to complete a more thorough dissection; both studies concluded that the use of intraoperative computed tomography led to decompressions more thorough than anatomical assessment without compromise of the vertebral artery.
conclusion
Anterior cervical decompression and fusion demands clinical and anatomical expertise pre-and intraoperatively. The surgeon must prepare for surgery with appropriate imaging techniques to plan for adequate decompression without compromising the surrounding structures. The surgeon must also ensure careful dissection, first defining the width of lateral decompression and then removing tissue only in a posterior-to-anterior direction. Finally, the surgeon can choose to perform intraoperative imaging to determine whether appropriate decompression has been performed. Ideally, the incidence of iatrogenic vertebral artery injury can be decreased by an understanding of the general parameters of dissection; in this way, the surgeon could measure from the midline of the vertebra and stop the dissection at a specific distance from the midline. Although each intervertebral space appears to have its own defined range, this range is inadequate to recommend a definite distance for decompression. Although these guidelines are helpful in ensuring the foramen are adequately decompressed, the authors recommend that surgeons perform adequate preoperative planning with imaging studies to confirm an uncus-touncus distance present at the involved surgical levels.
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